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\;\22 Abstract l
The results are described from two aspects of the programme, ‘(»rfl\ Coordinated
Selected Ion Flow Tube (SIFT) and Flowing Afterglow/Langmuir Probe (FALP) :
study of switching and ion-ion neutralization reactions of several stratospheric :
ions. It is shown that CchN is a viable candidate for molecule X in the
recently observed stratospheric ions H&‘(H?‘O) Xm' and that their neutralization
‘rate coefficients are similar to those for mesospheric cluster ions.
~Ait) A study of the (‘OlllSlon enhancement in helium of two ion-ion neutralization
[ rate coefficients, “’2 , in the pressure range 0,5 to 8 Torr. \2)3\5 seen
to increase more rapidly with pressure than expected from previous| high
pressure data, Estimates are made of the appropriate values for\qz}’ in the
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PREFACE

This work is part of a larger programme of ionic reaction studies
at thermal energies, conducted by the authors of this report, which
includes determinations of ion-molecule reaction rate coefficients and
product ion distributions, electron-ion recombination coefficients and
electron attachment coefficients. The work is largely intended as a
contribution to the physics and chemistry of natural plasmas such as
the Earth's atmosphere and the interstellar medium. A great deal of
relevant data has been obtained principally because of our successful
development and exploitation of the Langmuir Probe/Flowing Afterglow
(FALP) and Selected Ion Flow Tube (SIFT) techniques. Parts of the

overall programme are supported by the Science Research Council.
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1 INTRODUCTION

During the last few years, we have developed two major experiments i

designed to study ionic reactions at low temperatures which occur in .

e g O r—

natural plasmas such as the Earth's ionosphere and interstellar gas clouds, |
These experiments are (i) The Selected lon Flow Tube (SIFT) which we

have used to study a large number of ion-molecule reactions over a

temperature range of 80 K - 550 K, (ii) The Flowing Afterglow/Langmuir (
Probe (FALP) which we have used to study several plasma interaction
processes, the major effort being directed towards ion-ion neutralization
reactions, the £:.9ject area for which we are currently funded by AFOSR

and with which this report is concerned,

Our approach to the stady of ion-ion mutual neutralization (ionic

recombination) was first to measure the binary recombination coefficients,

@y, of the *simple' ions which are known to exist in the upper atmosphere
+ -

(e.g. NO + NO2 , O2

measuring @, for several reactions involving 'cluster! ions (e, g,

T CO3' etc, ) and then to follow these studies by

H30+(H20)3 + N03—. HNO3 etc) which are known to be the dominant ion

types in the lower mesosphere, We were also able to study the temperature
dependence of aq for two reactions which indicated a dependence in
accordance with theoretical predictions, As a result of this work we have

been able to suggest the appropriate values of o, to be used in mesospheric

de-ionization rate calculations, Details of the technique and the results of
these studies have been given in previous reports and are reported in
several scientific papers, the references to which are given in the scientific

papers 1 and 2 which are included as the major part of this report,

The work with which this report is concerned represents an extension
of the research programme outlined above and relates to two aspects of

stratospheric ion chemistry,




(1) Switching Reactions and Mutual Neutralization Rates of

Stratospheric Ions,
Details of this part of the programme are given in Paper 1 (Planetary
and Space Science, In Press) together with all relevant references and so

only a brief review will be given here,

During the lust year balloon-borne mass spectrometers have been
flown by other groups to determine the positive and negative ions present
in the stratosphere, Not surprisingly, all are clustered species, the
negative ions being of the kind NOB'(HNos)n, Hso4‘(HN03)n, HSO4-iH2504)n
and HEO4 (HZSO4 )n(HNO3)m and the positive ions being of the type H (HQO)n
and H (HzO)n Xm where X = 41 amu. A possible candidate for X is CH4CN
although this is by no means certain, Thus we have used our SIFT apparatus
to study the reactions of CH,CN with the well established stratospheric
species IiJr(}IZO)l,l in order to test the hypothesis that CHBCN will replace
H20 in the H+(H20)n ions and so generate the ion series H+(H20)HC}'!3CN)m
This does indeed occur (see below and Paper 1) and following this we then
procecded to use the FALP apparatus to determine o, for several reactions

2
of the stratospheric positive and negative ions,

(ii) IL.aboratory Studies of Collision-Enhanced Ilonic Recombination:

Stratospheric Implications,

Details of this part of the programme are given in Paper 2 together
with all relevant references, Paper 2 has been submitted for publication
in Planetary and Space Science, Collision enhanced ionic recombination
becomes increasingly important in ion-ion plasmas as the ambient gas
pressure is increased and will eventually dominate the binary process
referred to above,  Studies of ternary ionic recombination have been
carried out previously at pressures above about 30 Torr and up to pressures
in excess of one atmosphere,  No experiments have been carried out at
the relatively low pressures appropriate to the middle stratosphere (1 - 10
Torr) which represents the transition region between low pressure pure
binary ionic recombination (appropriate to the mesosphere) and high

pressure ternary ionic recombination,  With our existing FAL P technique
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we are able tc study ionic recombination up to a pressure of some 8 Torr
in helium and so far we have exploited the technique to study the two

reactions:
+ -
NO + NO2 + He -——3 products

+ -
,‘BFS + SF5 + He —— products

We have used the data obtained to estimate the rate coefficients for collision-

appropriate to the complex ions present

. . . . ¢
enhanced ionic recombination, ay

in the stratospheric gas,

RESULTS

(1) The SIFT studies show that CH3CN rapidly reacts with water cluster

ions via switching reactions of the kind:

+ +
H (HZO)n + CH3CN —> H (H20)n~1CH3CN + HZO

and generates other ioas of the type H+(HzO)n(CH3CN)rn via further
sequential switching reactions, An interesting and important observation
from these studies is that total replacement of HzO in the ubiquitous mass
73 amu atmospheric ion H+(H20)4 does not take place, the ion
H+(H20)(CH3CN)3 being a very stable, unreactive ion, We were therefore
able to study the mutual neutralization of the stratospheric positive ions
H+(H20)4 and H+(H20)(CH3CN)3 with severul stratospheric negative ions in
the FALP apparatus, The detailed table of data is given in Paper 1,

(ii) The collision-enhanced ionic recombination coefficients, o', for
both NO+/N02' and SF3+/SF5- increase approximately exponentially with
pressure of the helium carrier gas, the latter reaction showing the greater
increase (Fig, 2, Paper 2), We have suggested that this is due to the
smaller mean free path of the heavier ions in the helium and on the basis
of this premise we further suggest that az' will increase rapidly in the

atmospheric gas (Nz), in accordance with the higher pressure ternary ionic
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recombination data of Mahan and Person (see references in Paper 2),
Thus, on the basis of these deductions, we have suggested the appropriate

values of 012' to be used in stratospheric de-ionization rate calculations,

CONCLUSIONS

The results obtained from part (i) of the programme are significant
in two respects. Firstly, the SIFT data strongly suggests that CH3CN is
a viable candidate for species X in the stratospheric ion series H+(H20)n' Xm
and so it seems very probable that the major stratospheric positive ions
are of the type H+(H2O)n and H+(}120)n (CHSCN)m’ although final confirmation
of this is required (an important requirement is to identify an adequate
source of CHBCN in the stratosphere), Secondly, the measured binary
recombination coefficients, a,, for several reactions involving stratospheric
d 2 (5-6) x 1078

. . . iy 3 -1
positive and negative ions, indicate that o cm S these

2
values being insignificantly different from the ao values relating to
mesospheric ions, a satisfying result from the standpoint of atmospheric
de-ionization rate calculations, A profitable extension of the work would
be to measure @, for more highly clustered ions at mesospheric and
stratospheric temperatures,

The major conclusion to be drawn from part (ii) of the programme is
that u faster-than-previously expected increase occurs in the collisional-
enhanced ionic recombination cocefficient, (72', at altitudes below 45 kms
in the stratosphere, At 40 kms, az' ~ 202. On the basis of previous
high pressure data extrapolated to low pressures, we had previously
estimated that (y,_," was approximately 2(12 at a significantly lower altitude
(~30 km), At about 35 Km where several recent balloon-borne in situ
experiments have been carried out, the effective binary ionic recombination
rate coefficient is now estimated to be av2 x 10-7(-mBs-l, almost a factor

of two larger than our previous estimates had indicated,




)

Clearly, further measurements of az' are required, including
temperature dependence studies, Theory predicts that a, varies as
T-& (our experiments confirm this for 2 reactions) and that the high
pressure ternary recombination varies as 'I‘-z' > or T’ 3. A study of the
temperature dependence of az' in the intermediate pressure régime could
be very instructive from both a stratospheric and a fundamental viewpoint,
It is also important to study 02' for reactions occurring in different
buffer gases, nitrogen being of obvious interest since we have suggested
that az' will increase rapidly with N2 pressure, These studies will form
a significant part of our research effort in the coming year when our new

temperature variable FALP apparatus will be fully operational,

o Lrma e e
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Abstract

Following the recent mass spectrometric observations of the
ambient stratospheric positive and negative ions,we have carried out
co-ordinated laboratory experiments using a selected ion flow tube .
apparatus and a flowing afterglow apparatus for the following purposes.
(i) To consider whether CH,CN is a viable candidate molecule for the

3

species X in the observed stratospheric ion series H+(H20)n(x)m and

(ii) to determine the binary mutual neutralization rate coefficients,
o(i, for the reactions of H+(H20)l+ and H+(H20)(CHBCN)3 with several
of the negative ion species observed in the stratosphere. We conclude
from (i) that CHBCN is indeed a viable candidate for X and from (ii)

that the‘li for stratospheric ions are within the limited range

(5-6) x 10_8cm58_1.

i ' -10-




INTRODUCTION

The major positive ions present in the mesosphere are known to be the
cluster ions H30+(H20)n - hydrated hydronium ions (alternatively
designated here l{+(}{20)n+1 - proton hydrates) as a result of the
pioneering measurements of Narcisi and his colleagues (Narcisi and
Bailey, 1965; Narcisi and Roth, 1970), substantiated by the work of
Goldberg and Aikin (1972) and Arnold and Krankowsky (1977 a,b). The
negative ions are predominantly the "simple' ions coﬁ', HCOB', Noﬁ“
and their hydrates, the COB_(H2O)n' NOB—(HZO)n and NOB—(HNOB)n cluster
jons (Krankowsky et al., 1972; Narcisi et al., 1974). In previous
experiments in this laboratory the binary positive jon/negative ion
mutual neutralization rate coefficients, <‘i, (ionic recombination
coefficients) for many reactions involving these mecospheric ions
have been measured (Smith and Church, 1976; Smith et al., 1976;
Smith et al., 1978b) and the most appropriate values of = . for

atmosphere de-ionization rate calculations have been suggested

(Smith and Church, 1977).

The higher ambient pressures in the stratosphere present a more
challenging problem in mass spectrometry and so data concerning the
ionic content of this region have only recently been obtained and then
only within the limited altitude range of approximately 30-4Okm using
balloon~borne mass spectrometers. Thus the data of Arnold and
Krankowsky and their colleagues (Arnold et al., 1977, 1978), of Olson
et al, (1977) and of Arijs et al. (1978) indicate the presence of
the inevitable proton hydrates H+(H20)n coexisting with another group
of ions H+(H20)nxm. On the basis of the earlier (erroneous) indication
of the mass of X (= 40 am) together with thermodynamic reasoning,

Ferguson (1978) suggected that X was probably NaOH. However, the
11 -

-
ks sl i s dh s ad A

TP 0

Pty
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most recent measurements show that X has a mass of 47 am (Arnold,

1980; Arijs et al., 1980/81). A possible designation for X is cnch

(methyl cyanide or acetonitrile), one of the possibilities suggested

by Arnold et al. (1978) on the basis of their earliest measurements,

although as yet no satisfactory mechanism for the production of CH3CN .
in the stratosphere has been identified. Data have also been obtained

relating to the negative ion content of the stratosphere and these indicate

the dominance of large cluster species of the type NOB'(HNOB)ng

|
r .
|
!

0.~ - q =
HS0, (HNOB)n, HSO,, (quol*)n and HSO, (Hasoq)n(fmo})m (Arnold and
Henschen, 1978; Arnold and Fabian, 1980; Arijs et al., 1981),
designations supported by flowing afterglow experiments on the
production and reactions of such ions, carried out in the NOAA

laboratories in Boulder (Fehsenfeld et al., 1975; Viggiano et al., 1980).

Stimulated by the in-situ observations, we describe in this paper
measurements of the binary mutual neutralization rate coefficients for

several reactions involving some of these stratospheric positive and I

negative ions using our flowing afterglow/ Langmuir probe apparatus.
In associated studies using a selected ion flow tube (SIFT) apparatus

we have demonstrated that CH30N can rapidly displace H20 from H+(H20)n

ions and thus CHBCN is a credible candidate for X in the H+(H20%1Xm

stratospheric ions. These data also provided crucial information i

Y T o e

which allowed us to catisfactorily pursue some of the ionic

recombination measurements.




EXPERIMENTAL

Details of the flowing afterglow / Langmuir probe (FALP) and selected

ion flow tube (SIFT) experiments have been given in previous

publications and so only the esuential features and thoce details
specific to the present series of experiments will be referred to

here.

The SIFT Experiment

This has been described in detail in a recent review (Smith and Adams,

1979). In essence, it involves the injection of a macs analysed beam
of ions into a fast flowing carrier gas (helium in these experiments),
in which the ions thermalize by collision as they are convected down

a flow tube. Reactant gases are added to the carrier gas and the reaction

rate coefficients and product ion distributions are determined by
correlating the primary and product ion signals,observed by a downstream
mass spectrometer detector,with the rate of addition of the reactant \

gaSe

In the present experiments, H+(H20)n ions (n = 1 to 4) were

generated in a subsidiary flow tube ion source (the details have been

recently discussed by Smith and Adams, 1980) and injected into the L

flowing carrier gas with low energies (< 10eV in the laboratory frame) {

in order to inhibit their fragmentation in collision with the helium
atoms. Controlled amounts of CHBCN were introduced into the main flow

tube by monitoring the flow rate of a prepared helium/CHBCN mixture of

known partial pressures of the two components (30 torr of CHBCN in
1000 torr of helium). Thus reactions of the kind:
+ + .
H (Hzo)n + CHBCN-——éi H (HZO)n_1(CH30N) + HZO (1)

-13-
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were observed to occur and their rate coefficients were determined in

the usual way. Sequential reactions with CHBCN were also studied.

The measurements were made at temperatures of 200 and 300 K. The

total absence of water vapour from the main flow tube allowed the

study of reaction (1) without complications due to its reverse reaction
which regenerates the proton hydrates. Such is an important consideration

in the stratosphere (see below).

The FALP Ikxperiment

Detailed discussions of the technique have been given in previous
publications (Smith and Church, 1976; Smith et al., 1978b). The

major requirement is to generate a positive ion/negative ion flowing
afterglow plasma totally devoid of electrons and in which ideally either
only one positive ion species and/or only one negative ion species
exists. Under these conditions, a movable Langmuir probe is zble to
determine the ion density in the flowing afterglow plasma at any point
on the axis of the plasma column. Thus ionic recombination coefficients
can be determined by measuring the ion density gradient along the plasma
column and hence the time rate of change of ion density with a kno;;edge
of the plasma flow velocity (Adams et al., 1975). The positive and
negative ions in the plasma were identified using a downstream

quadrupole mass spectrometer.

In these experiments it is a simple matter to establish H'(H,0)y, as
the dominant ion in the afterglow by introducing controlled amounts
of water vapour upstream or downstream of the microwave discharge which
generates the afterglow plasma (see Smith et al., 1978b for further
details). From the GIFT studies described in the next section, we
discovered that by the addition of sufficient CHBCN into thgjﬂe/uao

. + .
afterglow the Il (Hao)h ions were converted exclusively to the

-14-




H+(I{20)(CH3CN)3 ions, an observed stratospheric ion species (assuming

X = CHBCN). Both the H,0 and CH,CN were introduced into the flow tube
by bubbling helium through the respective liquids and hence passing the
saturated helium/vapour mixture into the flow tube. The negative ion
species were generated by passing electron attaching gases at appropriate
flow rates through the microwave discharge. Thus, by using NOZ’ the
ions NO,~, NOB-(HN03)1,2 could be generated in varying fractions and by
using S0/H .0 mixtures, HSO Y Hso}"(ﬂao) and Hsoz"(nao) could be
generated in varying fractions. To generate the sulphur containing
negative ions it vas alsco necessary to introduce the H20 uostream

of the discharge. C1~ ions are readily generated as the only negative
ion species in the afterglow by adding Cl2 upstream of the microvave
discharge. JIonic recombination coefficients were determined for various
combinations of the types of positive and negative ion species. All

measurements were made at a temperature of about 300 K,




RESULTS

SIFT Data

Rate coefficients, k, were measured at 200 K and 300 K for the

switching reactions:

+ +
H (}{20)n + CHBCN >H (Hao)n_,l(CHBCN) + H0

forn = 1 to 4. The results obtained are presented in Table 1 together
with the gas kinetic rate coefficients, kADO' calculated using the ADO
theory of Su and Bowers (1975). The reactions proceed very rapidly,
essentially at the gas kinetic limiting rate within the accuracy of the
experimental data 2 BO%Lon the measured rate coefficients). The
significantly smaller k for the larger proton hydrates is in accordance
with the larger reduced mass of the reactants, whilst the very large

absolute values of k and k are a consequence of the large polarizability

ADO

(Le Fevre, 1965) and dipole moment (Nelson et al., 1967) of Cﬂch.

Sequential switching reactions of the kind

CH_CN

+ + CH,CN
i (1120)n 37 JH (1{20) rm(CHBCN)

+
1 (}IZO)H_E(CHBCN)?_ —> veee (2)

vere observed to proceed rapidly. Thus H+(H20)2was readily converted
to H+(CHBCN)2. llowever for the higher order hydrates H+(I{20)5 and
H+(H20)“, complete replacement of the H20 vas not observed and at both
temperature:s the reaction sequences terminated with the ion retaining
one HZO molecule:

+ CH_.CN .+ . CH,CN  + wy CH,CN
H (uzo)5 35 H (nzo)z(cu}cu) C 375 H (Hao)(cn}cN)a YA (3)

+ CH,CN + . CH,LCN .+ CH,CN .+
H (1,0 H_C CH.C V‘*
( 5 ),**H}___> H (HZO)J((,HBCN) ) 3. N H (Hzo)z(u{}w)d __3__) H (1{20)((,1{.).@“)_._ L)

thus the terminating ions in these series were H'(H 0)(CH CN)2 and

3
+ , , )
H (HZO)(CHBQN)j. I'he ions H+(CI[3CN)3 and H*(CHBCN)Q were not produccd

-16-
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at significant rates. It is however worthy of note that during the
course of our measurements we observed that the three-body association

reaction:

+ + 5
H'(CH,CN) + CHyCN + He —>1 (CH,CN) , + Il (5)

proceeded extremely rapidly at 200 K, the ectimaled rate coelficient

being about 1 x 10727 cm6s-1

+« Further addition of CHBCN proceeded only
very slowly. These observations are in accord with the thermodynamic
data of Meot-Ner (1978) which show that the bonding of the third

CHBCN in the H+(CH CN)3 ion is relatively weak. Our kinetic data

>

indicate that the H'(CIl CN)2 - 1.0 bonding is significantly stronrer

3
+ . e ot Y L
than the H (CHBCN)2 - CHBCN bonding and similarly the H (CII3CN)_3 0
bonding is stronger than that of H+(CH30N)3 - CHBCN. However structural
differences in these ions may critically influence their relative

stabilities.

FALP Data

Data were obtained for the mutual neutralization of two stratosphericolly -
observed positive ions, H+(H20)n and H+(H20)(CHBCN)3 (assuming X = CH,CH)
with several observed stratospheric negative ions. The summarised binary
recombination coefficient data (Q(i) are given in Table 2. The 4,

were obtained from linear plots of the reciprocal positive ion density

as a function of distance (and hence recombination time) along the after-
glow plasma column. Both the positive and negative ions present in the
downstream part of the plasma were identified by the quadrupole mass
spectrometer located there. Unfortunately we were not able to generate
plasmas in which only a single stratospheric negative ion species existed
with the above positive ion species (cee Table ). However since a single

pocitive ion species wan present, then the ion density in the plasma nnd

-17-




the mean mass of the negative ion species could be obtained readily

using the Langmuir probe. That the latter correlated with the mean

negative ion mass as determined by the downstream mass spectrometer .
indicates that the fractions of the various negative ions remained
essentially invariant along the length of the plasma column. The

data in Table 2 show that q‘i for all of the reactions lie within the
limited range (5-6) x 10-8cm35-1. Such is also the case for the

relatively simple reaction:

> products (6)

+ -
H (H,0)(CH.CN)., + C
(12)( 1) )5+ 1

involving the simple negative ion species C1l~ which we have previously
shown also reacts at a very similar rate with H+(l{20)4 (Smith et al.,
1978b). The relative invariance ofoﬂi with the nature and complexity

of the reacting positive and negative molecular ions (clustered or not)
is consistent with all our previous data for these binary neutralization
reactions, We have ougpested reasons for this phenomenon in previous
publications (Umith and Church, 1977; Smith et al., 1978b); it is
sufficient to restate here that these neutralization processes are
extremely rapid and efficient occurring with large can thermal croso-

rections < 10.12cm2

« It is worthy of note that when both the positive
and nepative ions are atomic then theb(.i are cmaller by at least 2 orders

of magnitude (Church and Smith, 1978).
STRATOSPHERIC TMPLICATIONS

The S1FT experiments show that CHjCN rapidly replaces H20 in proton
hydrates and therefore the presence of CHBCN in the stratouphere would
recult in the formation of the H+(E(20)m(CH3CN)‘1 ions via the reaction
cequences indicated by equations (3) and (4). Very significantly, ions

witl masces equivalent to the ions included in these sequences have

been obierved in the stratosphere (Arnold et al., 1978; Arijs et al.,

R

———— e
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1980/81) excluding those equivalent to 1{“((;1{3(31)3 and I (CH,CN),,

which also are not observed in our laboratory experiments. Whilst
these observations do not constitute proof that X = CHBCN, they clearly
indicate that CHBCN is a viable and likely candidate for X. Also no

CHBCN containing ions which originate from the lower order proton
hydrates (H+(H20)n, n = 1,2) are observed in significant concentrations
in the stratosphere consistent with the absence of these proton

hydrate precursor ions from this region.

In the stratosphere, the higher-order proton hydrate H*(I{ZO)5
is observed, together with the substituted ions which are presumably

produced thus:

. CHBCN . cn.jcn .
H (Hzo)s——-—a H (H20)4(0H3CN)- >H (H20)3((’H3CN)3 —> veses(7)

Unfortunately, by aperating the ion source at room temperature, we were
not able to generate sufficient densities of H+(II20)5 in our flow tube

ion source (this must await the completion of a low temperature version)
and so were not able to determine the terminating ion in this sequence (7).

If H,O and CHBCN ( = X ?) co~exist in the stratosphere then the following

2
«,
equilibrium reactions need to be considered:
HY(H,0) _ + CH,CN ke, HY(1,0) ,(CH,CN) + H.O (3)
> n + 5 ‘_&____ Yn-a 3 + 12 V]
r

The very large rate coefficient for the forward reactionm, kf, relative

to k, ensures that only a cmall fractian of CH,CN relative to H.O would
<

3
be necessary to allow a significant concentration of the mixed cluster
ions to exist in the stratosphere. The fraction of CH}CN/HZO required
to generate the observed equilibrium concentrations of the varioua ionic
species is, of course, dependent on the equilibrium constanta for the

various reactions. Since we have shown that the kf's are gas kinetic

and essentially temperature independent then we only require the

19
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appropriatelcr's at stratospheric temperatures. To date we have been
able to obtain experimentally an upper limit to the rate coefficient

for the endoergic reaction:

k
+ T +
H (Hzo)(CH3CN)3 + B0O———> H (HZO) 2(C}{3CN)2 + CH30N (9)

1

12 cm35‘ at 300K and will presumably be lower at the lower

This is < 10~
temperatures of the stratosphere. Thus, if we can assume that a typical

L ,
k., <107k ¢ then, for concentrations of 1{“(1{20)nxm of about 10%

of the concentrations of the H+(H20)n ions, the CH_ CN concentration

3
-5
would only need to be £ 107 of the H,0 concentration. This is
. .. . . ~11
equivalent to a stratospheric mixing; ratio for LH3CN of ~ 10

assuming a mixing ratio for H.O of -1O—6. At ~ 35 Km altitude where
<

most of the in-situ data have been obtained, then the required
concentration of CH50N (= X) is £;107 molecules cm-}. Whilst this is
a relatively umall concentration, no adequate sources of CH5CN in the
stratosphere have yet been identified. However our previous SIFT
studies of ion-molecule reactions of stratospheric interest (Smith

et al., 1978a) have indicated that pousible sources of C-N bonded
compound#kare the reactions of the N* and N3+ ion with hydrocarbons
(e.g. CHh) although such sources have to be justified quantitatively.

More likely sources of cyanides are neutral-neutral reactions between

nitrogen atoms and carbon bearing molecules.

The present recombination coefficient data (Table 2) together with
the rubstantial amount of previous data for other reactant molecular
ions indicate clearly that the “i are relatively independent of the
nature of the cluster ions and are therefore probably insensitive to
the nature of X. Thus the °(i for the binary mutual neutralization of
stratosphere-type positive and negative ions measured at a temperature

of 300 K regardless of the actual nature of X will be within the very

limited range of (5-6) x 10~3 em’s™', Ausuming a temperature dependence
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of cti'~'T'1/2 which we have shown is valid for simpler positive ions
over an appropriate temperature range and which is theoretically
predicted for such reactions (Olson, 1972), then at the lowest
stratospheric temperatures O(i would only increase by about 1% from
the 300 K values. Thus an appropriate mean value for C*.i to be used
. . s . . . . + -3 3 -1
in stratospheric de-ionization rate ccefficients is (6 = 2) x 10 “cm’s ',

the uncertainty including the spread due to the temperature variations

within the stratosphere and errors in the measurement of °ki.

No data are available concerning the nature of the neutral products
of the mutual neutralization of cluster ions but it is to be expected
for small cluster ions that the cluster molecules will be returned to the
gas phase where they can undergo further reaction. However it is known
that the recombination energy of the positive cluster ions, ER, decreases
and the electron detachment energy of the negative cluster ions, Ep, increases
with increasing order of clustering. lFor even larger cluster ions, )
can be larger than ER and so for the interaction of two such ions, simple
electron transfer cannot occur and so a 'coalesced zwitterion" (Castleman,
&979) might form. These strongly polarized 'neutral clusters" could
then act as very efficient nucleation sites and initiate the rapid
growth of aerosols in the stratosphere (cee the discussion by Arnold,
1530b). In jon~ion mutual neutralization reactions for which Ep 2 Fp,
their neutralization could occur producing fragment neutral clusters

bound only by weak polarization forces (e.p. ("“O)n(C”’CN)m) and whilst
(<4

3
such species would exist in low relative concentration and have a short
lifetime in the stratosphere,they could nevertheless play a role in

the stratosphere ion chemistry.
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Table 1
Rate coefficients and product ions for the reactions of H+(H20)n,

n=1 to 4, with CH,CN at 200 K and 300 K.

3

Rate Coefficients, k, x 10° (cm’s™ 1)

Measured® Calculated®
Reactant Ion Product Ion at 200 K | at 300 K 00
u*(Hzo) H+(CHSCN) 4.5 4.6° 3.93
H+(H20)2 H+(1120)(CH5CN) 4.0 4.0 3.21
H+(H20)3 “+(H2°)2(‘333°N) 3.5 3.7 2.92
H+(HZO)4 H+(H20)5(CH50N) 3,2 3.5 2.76

a. The ratce cocfficients are accurate to within t 30%.
b. Mackay et al. (1976) obtain k = 4.7 x 10-9 em?s™ ' for this reaction
at 300 K.

c. The values were calculated for a temperature of »00 K. The values

for 200 K are insignificantly different (about 1% larger).
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Table 2

Binary recombination coefficients for the mutual neutralization of u*(u20)4

and H+(H20)(CH3CN)5 with mixtures of negative ion species at 300 K.

Positive Ion?

Negative Ions (%)

Recombination Coefficient
x 108 (cmjs")

HSO, 30
NO,"(H,0) 30
5*(8,0), > 2 5.9
N05 (HNOB) 15
140 am 2%
HSO4 35
HSO. (H,0) 25
B (8,0), 32 6.6
HS0, (B,0) 20
80, 20
+ - [
H (H20)(C350Nz§_ CI 95 6.8
NO,~ 65
B*(8,0) (CH,CN) 5 5 6.3
NO 35
2
N0, (HNO,) 60
B*(5,0) (CB4CN) 5 503 5.9
NO 40
3
No3 (HNOB) 40
+ - 6
H (320)(CH50N)5 HSO,, 30 9.9
140 amu 30
HSO, 30
R soj‘ 30
.8
H (nzo)(caicn)s 5

Hsoz'(azo) 25

Hso3'(ﬂzo) 15

a. In each case H*(Hzo)4 or B*(Hzo)(cujcu)s was greater than 9% of

the pogitive ion content of the plasma.
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ABOTRACT:
Measurements are described of the dependence on helium
» . . . ’
pressure (0.5 to 8 Torr) of the neutralization coeff1c1ents,C13,
. . ; + - .. - .
for te recactions (i) W + N02 + He and (ii) SF; + SF5 + o .
7 . . . : .
0(2 is observed to increase ap roximately exponentially with pressure
from the zero pressure pure binary coefficient, ™, the rate of increas: of
[
/7 L . - . . . .
ol , bein; areater for (ii) than for (i). A qualitative explanation
[+4
is suprested in terms of a mechanism involving the differing ion mean
free caths in helium. These ideas are uscd, Ln combinati n with the higher
. . . ,
orecsure data of Mahan and Verson, to obtain catimates forC(? for
neutralization reactions of heavy ions in nitrosen. Thus approxinate

/ .
values forct2 for use in strutospheric de-ionization rate calculations are

oresented.

o




INITRODUCTIO!N

The wnrcocnce of electrons and nerc btive fons in the mesosvheric
plasma ensuwees thnt charsed particle neatealivalion ocours vin
electron~positive ion digsocintive recombination and nejsative ion -
positive ion mutual neutralizations The latt..r is often t-raced bin rr
ionic recombin:tion and is exempliflied by tihe reaciion

+ = 3
NO  + [IO2 —>» N0 + NO(,, (1)

which, at the low ambient pressures of the mesospheregisn the only viwcl

ionic rccombinition processe Below about 60knm altilude in Lhe 5oontoss

and troposohere, electrons are cuosentinslly absent ard o (Gonorso

aerosol accretion) ionic recombination in the only noutralization 'roco ..

In the hicher uwrozsure lower altitude re-ions, in wididson to (1), tio
teraary ionic recombinition process cxenrlificd by:
H0% (H,0) + KOT (i0.)  + i, —> neutral products + i, (2)
3 2°'n 3 3’3 2 2
must be considoreds In (2) the ncutralization rale is enbsped by oo
nresence of the (third body) I, molecnle, lhe -({icieoncy of .ueh ronet
‘

increasing wiih the concentration of tie third bodye his il ot r
aspects of atmogpnere ion chemistry have recently  beoan reviewed by mi

and Adams (1930).

The most detailed study of binary lonic recombination nos bon car
out by Smith and his colleqvcues using o Tlowing aftrclou/tan mur 1rob

1

(FALP) techrique (Smith snd Church, 19765 omith o4 g, 16, 10,
The measur~men'.s uerne carried out of J0CK in o heluiam cocryof 24
at pressures up to about one Torr for a viariety of mass identilied s
and clustered, positive and nepative ionse The binary recorb notoon
coe[ficient,()(w, was independent of the helium nee. e andic i

<«
no si;-nificant contribution to tie neutrali- %:on v ocourrins v
Leraney o oL Uore (0))e Addit o Pty e o
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studied over a limited temperature range (Smith and Church, 1977), and

0(2 wus observed to vary as 'I‘-"11 in accordance with the theoretical
prediction of the absorbing sphere model of Olson (1972). An important,
feature of the results of these studies is the relatively small differences
in °‘2 for re¢actions involving positive and negative ions of widely
varying complexities. On the basis of their data and of previous data f
on the ternary process from other workers, Smith and Church (1977) have

indicated the appropriate values of © to be used in atmospheric
(&

de~ionization rate calculations and also indicated that b:elow zbout 30km in i

4
the atmosphere, ternary ionic recombination increasingly dominates over {
4

the binory processe

The te rery process was studied extensively during the first half of
t.is century, both cexperimentally and ticoretically. Font effort was directed
towards the co-c:iled Thonmson rfgjmc (the intermediate presiure range,
~100 - 1000 Torr) «nd to the so-called Langevin - Harper régime (the high

! -

pressures rgﬁime, above about 1000 Torr) More rccent exp rimental work L
has extended the investirotions to pressures as low as a few tens of Torr
(Makan and i erson, 1900; HcGowan, 1967)e The results of these studies
have boen discussed in ceveral revieus (cere Sayers, 19023 Flannery,
1970, 19765 Fehan, 197%).  The most recent cxpiriments have been carried
oul by Sennhauser and Armctrongs (19?8, a,b,) who have determined ternary

corfticiconts in Nﬂs/N”O mixture: within the pressure range 35 - 1200 Torr
. 4

st Q901 and compared Lhweir results with their own theoretical model.

A1 thio previcur, datn wio obliined without ma: - identification of the ions .
involved 1n the neatrilisation process, the ion identificutions being guessed

at from ion-chemical reasoninge. The recent theorctical work is mostly

due to B:les and his colleagues (Bates and Moffett 1966, Bates and Flannery
1968, Brtes and Mendas 1979, 1978 a, b) which relates to the low and

. . ’ . .
intermediote pressure repimese The most recent review of the subject

-4 -




is that given by Bates (1979),

Thore is now a nced to study the very low pressure régime
(clarified later) in which the pure binary mutual neutralization rate
is just beginning to be enhanced by the onset of collicional effectc.
Such a situation obtains in the middle strutosphere, a region currently
being investirated using balloon-borne instruments and in which data
on ionic recombination ratcs (both binary and ternary) are important
for de-ionization rate calculations (Arnold et al., 1977, 1978;
Arnold 1980), Previously, estimotes of effective rccombinntion rates
in this very low pressure rSgime have been obtained by extrapolating
high pressure data ("An entirely unacceptable procedure' - Bates and
Mendas (1978b), as we shall also sce from the present data given in

the Results section)e.

. . . - 7 .
To provide some experimental data in this very low pres-ure regime,
we have used our FALI' techinique to study at 300K i dependence on
helium pressure of the effective binury recombinntion coefficients

for two pairs of simple rcactant ions:

NO' + NOJ + lie ——> products (3
SF: + SF; + He —> products (%)
~

These reactions werc chosen for this initial study since the jons could

be generated in sufficient concentrations and in the absence of
significant clustering of the ions to other molecules at 300K even at

the highest helium pressures (£ 10 torr) at which we arc able to use tic
FALP combination. Ideally, from an atmospheric viewpoint, nitrocen rather
than helium would have becn a more appropriate third bedy (carricr gas),
but, in attempting to use this, experimental difficulties were cncount. red
as; referred to belowe Nevertheless, these preliminary data do reveal

a marked dependence of the ionic recombination coefficient on the pressure

ERHE




of the third body. This hus direct relevance to stratospheric de-ionization
and has enabled us to make somewhat better estimates of the most

arpropriate recombination coefficients for these regions,.
EXPERTYNMEITAL

The FALP technique has been discussed in detail previously (Smith
et al., 1975; Adams et al., 1975; Smith and Church, 1976) and only the
stlient features will be mentioned here. JIonization is created by
a microwave cavity dischurge in the upstream region of a fast-flowing

helium carrier rus and a thermalized electron - positive ion afterglow

plasma 1s g nerated downstrecam of the discharpge and distributed along

the lenmth of a flow tubc., The addition of an aprropriute amount of an
clectron attaching gas cither upstream or downstream of ihe discharge results
in the poncration of characteristic negpotive ions and positive ions in
the placnn and the total rmoval of electrons. AL sufficiently high
hellur presowren (;E,O.h torr) and positive ion/n-orative ion number
densitics (n+, H_), the jon-ion pluasma becomes recombination conirolled
and ionic rcecombination coefficients can then be deotermined by measuring
the ion density gradient down the flow tube and the plasma flow velocity
(Adron et al 1975) usine our Longmuir probe techniaue, Tie ionit species
joecent in the afte plow plasma are detoernined using a downsiream

quadruoole mais spectrom tor/detection systen and additionally the relative

macses of Lo positive and nepative dong, (HL/m ) ¢an be deterrined at any
soint in the plasmc usine tne Ton o mnir probe whilceh oorven as a check on

tiie dovnolrenm moacs syee roccoter moess ddentifictrons, 3

The two reactions chosen for siusiy ((9) and {(4)) huve previously
been studied in some detail at low nresnures (&£ 1 Torr) where only pure
binary mutual ncutralizatiom’ occurs (Smith and Church, 1976, 1077; Church
and Smith, 1977) and the experimental details relating to the pen-ration of the

.
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particular ion-ion plasmas are given in the relevunt referances. 1t

is sufficient to say that the reactant gases used for these reactions

were NO, for (3) and SF¢ for (4)e The maximum pressure at which we

could study thesec reactions was about & Torr as a result of the loss

of ionization density in the downstream measurement zone of the flow

tube and inadecuate ion current reaching the mass spectromeler

preventing positive identification of the ions precent in the plasma,
This was a direct result of the necessity to throtile the Roots pump

(used to flow the helium carrier gas) in order to raise the helium pressure
which reduced the carrier gas flow velocity, the amount of ionizuation
extracted from the discharge and the density of plasma flowing into the
downstream measuring zonee. 1In the study of recombinstion renctions of
stratospheric significance it would obviously have been morc anpropriate
to use a nitrogen carrier gas. However the microwave discharge in pure Ho
is extremely nnisy and unfortunately preventod saticfactory oper:tion

of the Lanmsuir probe in the afterglow of this dischurpe.

The Langrir probe technique is described in detail in the references
already cited, but it is important here to refer to a votentisl problem
when thLey arc used at relatively high gas prescures. 1In our approach,
positive and nogative ion number densities are detern ned from an
analysis of the current-voltare characteristics obtained in the so-called
orbital-limited~current rggime. In this annlysis, it.is required thuat no
coliisions occur boetwern the ions and the ambient par ctoms or molecules
within the spuce charge sheath which gsurrounds tlie positively or negatively
biased probe. Vhen thnis and other welladefined criteria (involving such
parameters as the probe size and the plisma dencity etes) are
satisfied then a plot of probe current squared (i 2) against probe polential
with respect to the plasma potential (VY should be lincar and n, or n_ can

b. obtained directly from the slope of the line, Such i3 to be expected

-37-
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under the conditions of our experiments at low helium prescures and
indeed has been observed to be so in the numerous experiments we have

carried out to determine binary ion-ion recombination coefficients (see

cited references).

However, as the pressure is ruised ion collisions must eventually
occur within the cpace charge sheath and therefore, at the higher
rressures of the present experiments, one has to be cognizant of potential
problems involvin: such collisions. Such have been investiguted both
theoreticnl!y and experimentally by Schulz and Brown (1955) whise data
show obvious and predictable departures from the linearity in the i
versus Vo plots when collisions occur in the space charre sheathe Thus

we have usncd the linearity of the i verzus Vo plolsc in our cxp riments
@ indicators of tie absence of sigrificant shoeanth/collisions problemse
Such problems would result in upeurving of the plots (not observed) and
erroucously high lon densitiess The lattier would then result in an
douncurvings of Liv reciprocal ‘ensity versus time lots from which the
recombinatlon coefficienty are deduced, The reci,rocal density plots obtained
‘or the NO' 4 1NOT reaction arc given in Fire 1. The linearity of tlese
‘
curves i taken as additional evidence for the validity of the probe
techni-ues The considerable amount of work done in relation to the
onration of Iangmuir probes und .r verious conditions of cherred particle
densityy an precsure etecs is summarized in the book by Swift ang

Sehwar (T4,

HESELTE

Th» elffective bin.ry recombin:tion cocfficicnts, € _, for rraction
(3) wrre obtained from the slopes of the curves given in Fige 1.

/
Similur dita were oblained for reaction (4) and t'e values of &
[

obtaine.! at Lthe several pressures at 300K for both reactions arc given




in Table 1 together with our previously published data for the pure

binary coefficients, °<2. These data arc presented graphically in Fige &

/
where it is apparent that in both reactions ©{ _ is sensibly independent
[
/
of pressure below A1 Torr i.e. 0(2 (<1 Torr) Rz dz, the pure binary
rate. Note tiic excellent agrcement of O with the previously published vilues,
corroborating the previous result that o for reaction (%) iz sicnificantly
’
larger than that for reaction (4). liowever, above ~1 T rr, o  for
<.

both reactions clearly incrcases with incrrasing pressure, the increase
being significantly greater for reaction (4) than for reaction (7).

s . / . .
Clearly within this low pressurec ranse 0(2 does nol vary linearly with
pressure as predicted by the Thomson tornary mechanism which has been shown
to be valid experimentally at nich rrossures (Bohon and Person, 1064,
rereafter Lormed NP)e Pathor, the form of bolh thn curves grven in Fire

. - . / . .
2 can be described as an exrornontially iner-arin- O, with helium
'

pressure, viz:

7/

o, = oL, exp (Cp) ()

2
where C¥2 is the low pressure limiting value, previously described as

) and

!

the pressure invariant, nurc binary value, Thus for reactions (

(4#) respectively we have that at 3008 in the prescure ranje O-U Torr:

o{; = 6(=8) exp [7§E7 e ()
’ -
0(2 = b(-8) exp ['%E7 e s] ¢

. -1 . .
where the exwvonents have unitis of Torr e« The nore rapid rise of
4 . . . s
ol for reaction (4#) relative to riaction (%) is now seen as @ larper .
[
exyonent in (7) than in ({), these being in the approximute ratio of
1¢8: 1, Significantly, this is close to the inverse ratio of the mean
free path of the heavier ions (SF;, SFE) relative to the lighter ions
(NO’. NO.) in helium as calenlated from the zero field mobilitics in
helium (Mebaniel and Mason 197%, Smith and Church, 197/G) using: the

Langevin exprension (Lorb, 1955).  The mean free jathn are indietors
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of the depree of collisional coupling between the acceleruted ions and
the helium atoms., A similar correlation has been observed by Mahan
and Person (1964) between the mean free path of NO+, NOE ions in various

gases and the ternary recombination coefficients of these ions in the

. 7 .
higher pressure (Thomson) repime.

Equation (5) crn now perhaps be re-written as
o] = oty exp [ §R7 )
2 L -
where X. is the mean free path of the ions in the heliur, What then is the
mechuanisn opcrating in this low pressure region which causes the
/7
variation 0(2 with pressure to differ from that in the Thomson régime?
We can only offvr a qualitative explanution to this in which we envisare
that collisions of the ions occur with the helium atoms at larre distances
of seraration of the positive and negutive ions, R, before they have gained
n-preciable kinetic encrpy via acceleration in their mutual Coulombic field
lee When kK7 ;t cZ/R. Under these circumrtances, tho ions will effectively
be "cooled" below the "temperature" they would oth.rwice possess in the
absence of collisions and a corresponding increase in the mutuzl
nculr-Zigation rate will occur (25 is referred to in the Introduction),
Thus ve view the process as "collisionally-enhanced mutual neutralization'
whereby Lhe collisions ot larse separation distances do not result in
tricpine of the ions followed by ineviiable neutralizition (as envisared in
the Thomson mechanism) but rather the modific tion of the factors which
inTlurnce Lie mutusl neutrolization rite (cofe expansion of the Mabsorbing
sphere?,  Sce tihe review by Moscley et al 1975). Thic is very like the
process wiich Bites and Mendas (1970b) surrest and formulate for very low

ras densitico.

Ve also do not have a convincing explanation for the apparent

/
cxponentind inereasoe of O, with pressure more than Lo sugrest that it is
¢

reniniccent of the los: of enerry of particles traversing a resistive

-40-
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medium (an exponcential fall in temperature of tiv ions in the very weak

part of the Coulombic field?). Clearly, th: exponential incrowse of

c(zz c:rnot be maintained up to pressures much greater than the maximum
available in our ecxperiment, The MP duta for no* 4 Nog in helium at

higher pressures conforms with the Thomson mechanism ((G(;-ﬂlz)ﬂf F)

and so our lowur pressure data must merpe with these (to within any
normalizuztion errors) as we have indicilod in Fige 3¢ The M- uats

in helium indicuted by the duched line ic a lineww extrapolition of

the MNP duta from pressures greater than 50 Torr and is subject to apprecictls
variation duc to the large extrapolation., This fifurc also forcibly indic tes,
as recosnised oreviously, the dangers in extrapolating higher pressur: dat

in ordcr to obtwmin binary recombinzt on coefficicnts. It also refutes

the concept of a pressure indejpendent t rnary ionic recombinction

cocfficient (since © | is not linearly dependent on pressure o is

Mo\

1

Wt cod lencas, 1075))

’

recognised imnlicity in theoretical models (car.
which we hzve bueen forced to use previously in wtros:h ric moaclling

(Smith and Church, 1977).

A final point to note before discussing the stritos:heric implications
of the present data is that any hidden complicutions due to op-rutinc
the Langmuir probes at high pressures (sheath collisions c¢lce dircussed
in the Experimental section) would finally recult in the anomolous

- , . . / - v . .
reduction of oK so the increase in o with incrcacing pressure 1o
2‘ &

2

indeed a real enhancement of the recombinntion cocfficients.

STRATOSYHL (IC IMI-LIC.TIQIS

/ . .
A rapid rise in 0(2 in the very low pre.-sure r’rime indicated by

the prescnt data could not have becn accounted for in peviourn eplim: ter

/

of atmosphrric de-ionization rates. The rate of incrcease of ol
o
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depends on the nature of the interacting ions and we huve su--ested that an
importunt parameter is the mean free path of the ions in the ambient gas
(relation (¥)). 1In the stratospheric the positive and negative ions are
. + -
known to be large clustcred specics eege H30 (HEO)n and NO3 (HNO})m
(Arnold et al,, 1977, 1978; Arnold and Fubian, 1980; Arijs et al., 1975,
1960, 1981) and of course the ambient fus is larpely Nye Therefore we
. / . - . .
need to estimate ©(, for this combinntion of ion types recombining
(48
in ”P' The M data indicates clearly that ”2 is5 much more effective in tle
promotion of ternary recombinition than helium (se- Fip 3) which is gquitc
consistent with the idea thutx is a prime indicator of the cutalytic efiect
of ambient rus in ternary recombination. The )\ values wre asain calculated
fron the zero field mobilities usins the Langmuir expression (Locb, 1955).
lonic mebititicr in II ) for simple and clust red ions are typically
cone coven times smaller than in helium, do not vary gre tlx with ionic
rass tnd nove cetually been measured for several clustored :ositive lons
(Doton ot ale, 199%)e Using the Langmuir exprens on,)\ for t' ooe ions
in i is seen Lo be about three times smaller than in He. Therefore
- / - - 3 .
ve exnpect that ol . yill increase with pressure even more rapidlx
£

\ . . ) . o . . .

for c¢'ust r iong in i, than for the SF; Sr,; ions in heliume. We assume (sce
- - -
2 . 1 / o . . .
Wi, o) Lint o ., for thic cysten will rerpre vith tie I8 data
[3

. . ot - . . S

obtoined for (ostensibly) 10 /N0, in 5 at hisher presiures (it is
€ ~

Hiphly probable thot the ions present in the MP experiments at the
Lighe r ovoeanmres wece indeed cluster ions unless the guses used were

/
extroiely oune)y So owue hwve constructed the low oo ure o curve

. . . . . ‘ S =1 PR
adontine o necenoure tpyoeranl veelue jor d of +(=-)ec '8 at 500K,

viiieh we have recentty onewn to be a Lypoent v for strolospheric=lile
tons (Srath el ale, T961), and usine a value of A in coquntion ()

virich 15 three times that derived for the NO*/HO,-‘ reactione

e g ol

e e



Also in Fire 3 we hove included tie MP data in I, adousted to
stratospheric tenper: tures (US Standard Atmosphere, 1970), adopting
a T"j tempersture dipendence for the three body rate coefficient

. -205 -3
(a compromice between the T °7 and T © theoretical values and

=k . .
the T experimental value of Fisk et al., 1967), and merped it

1
with our low preusurce curve adjusted only as T ¥ (ascuming that

in this region the process is larpely "ecollision: 11y enhuonced
binary recombination" acs diccussed above). The rjid incrcase

4 . _ . . .
in ©(_ at low pressure ic similar in form to lh. ilcor-tic:l curves

[
predicted by Brtes and Mendas (1978b) for moleculwr ponitive and nepative
recorbininr in oxy:-en, when a finite velue of’o(” in, uned 1n the

:

1

czlculationse Also it is intcrestine Lo note that when they opnly

thin thooretienal model to the hirh oxy - en prensue gl of helowan (1967),

2
. . . P -~ i} 2 —1
fair overall wreoment is obisined wili an o vilae of 5(=8) em’s ,

this being in puod upreement with our previous vilues of c(., frr many
simple and clustered ions obtained using tne vili techmisue (o0 eom,

Smith et ale, 197¢)

Ve hove included an adtitude scale in Fice 9 o Lol oar be st

7/

estimate of cxlq at any point in the stratosphore con reodily be
[+

7

a2

\

obilaincde 'The curve indicates that o’ rises rayidly o Low un

. . - . . L
gltitude of about 45km at which G(ﬁ —~ °<‘, l.¢e. purc biniry ionic
[ ‘

’
recombinstion, until about 4Okns, °<,7 x LZO(” lece the eflective
ionic recombinntion coefficient is a;proxim.tely tuice the typical
pure binary coefficiente At an altitude of about 35kms at which
scveral recent balloon-borne obuerv tions of stratospheric ions hhwe
becn carricd out (Arnold et al., 1977, 1.75; Arno'd and Fabian, 1980;
. 4 3 =1
Arijs ct al., 1976, 1980, 1981), C*53 has recached ~(-7) cn’s .
/
At lower altitudes, 0(2

described by the higher prensure NP data’ adjusted to account for the

incrcases less rapidly with prescure an

R B

Lon:




temperature gradients in Lhe lower atmospherc,

CONCLUSIONS

The present data for two positive ion/negative ion neutralization
reactions indicates a rapid increase in the neutrulization coefficient,

/
o o from the low pressure limiting value c*:z, for only a few Torr {

increase in ti:e helium buffer gas pressure. Taking account of the

relative efficiencies of nitrogen and helium as buffrr gases, we conclude !
on the bunis of a simple model and intuitive reasoning, which is pgiven ?
some crodunce b the hiphh r pressurce data of lahar and FPerson (1964),

7/
that a rapid increasce in Cxﬁﬁ will occur in the stratosphere below

«“

/
chout Ot altitudee An cstimuted five fold increase in CNCE betwe n

LS spu <Pn io indicated (see Fige 3), a factor of about 2 greater than

our proviows entimates which vere based only on the previous higher

s sere O Lo (Smith and Chmrchy, 1907). Our previo sly suvblished data !
“or 4o pure binary mutusl neutrelization reoetlons whiclh occur in the mesoryh L
- 1

;r- confirmed by the present low prescure (€71 Torr) datoe
ACTLUSLD L h t;
4
i

onre rnte Ll Lo the tnfted Steles Alr Force for providin~ us

3
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i
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FIGURES AUD TaBll CAVIMONS

Fire 1 }lots of reciprocal positive ion density, n:1. versus afterplow
time in NO+/N05 afterglow placmas at the several pressurcs
. L / 4+ -
(in Torr) indicated «t 3(0K. Values of @ for the NO' + RO, ;
reiction are obinined from the best fit lines through the points

and arce riven in Table 1 and Fige 2.

o / ) ) i
[ Yirme 2 Value of «,, us a function of helium pressure at 300K for '(‘
r < :
‘ |
t thic two reactions indicited. Also indicated are the values ‘
v
»reviously obtained at low pressures by the authors indic:ted
(e :dio Teble 1)e The n0lid curves are dereribec by the
cvponoubial  relotions for &€ piven in U Lext,
m . / " .
. Po-dote for @, from Table 1 plotied on a compressed :rocmuse
<
nesVe 5o an to inelude the higher pressure MP data ostensibly
: . it A . .
o nint to toe reactions of 1O 4 NG, in botn helium ani nitrcoorne
. o’ | o | :
S of Conwa fonevion of altitude in the sirzlosiy re
(to nele) are 1o piven co estimniee from the hifhvr p.ossure
1 b n B ono from the olmple noael erived {ron the procent
Yo rrerrure d v (mee test),
, ) . /7 . . . S
cabic 1. Voimen of 7 g o function of helium p essu: for tie fwo = i o
in' o Lode  Aluno piven ore the previoun valucs of d obtain.d
l" te ! ;I M 3
]




x 108

(cm3 5-1)

¢

He Pressure
(Torr)

TABLE 1

Heaction

* X ~.
M =M OND =0 ™ O N =<

OO0 =~ < < <~
-~ -

QOO0 rAT~O0ON<TO

Not + No,,
+

SF

SF3+ 5

# Smith and Church, 1976.
4 Church and Smith, 1977.
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